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I. INTRODUCTION

A. Role of Procedures in the IMPROVE system

The nature and extent of the particulate monitoring program based on the
IMPROVE sampler require carefully designed operating procedures. The
procedures have developed out of our experience in operating monitoring
networks since 1973. Some of the major factors influemcing the
procedures are as follows.

1.

There are presently 48 sites using the IMPROVE sampler (20 IMPROVE,
19 NPS, 7 NESCAUM, 2 Lake Tahoe), requiring the processing of over
500 filters each week. The large flow of samples requires
sample-handling procedures in the laboratory to be as efficient as
possible. To handle this workload, the procedures in the laboratory
have been separated into well-defined tasks.

The system uses multiple filter media, with a given filter following
one of 6 different pathways. It most of these pathways, it is
necessary to identify the clean filter as well as the exposed
filter. This complexity requires a sample-identification system
that is simple and reliable. The procedures must include numerous
cross-checks, but cannot be allowed to become cumbersome. The
procedures must incorporate a good inmventory system so that all
filters can be accounted for at any time.

Most of the sites are located in pristine regions where the ambient
concentrations of fine particles are extremely low, often 1 to 2
orders of magnitude below urban levels. The low loadings require
procedures that minimize and momitor any contamination of the
samples. For example, every box of clean filters is given a date om
which the filters are to be installed in the sampler, in order to
avoid filters remaining at the sites too long and picking up extra
contamination. In addition, the filters remain in sampling
cassettes from the time they leave the laboratory until the time
they return.

Since the samples are collected twice a week, it is essential that
the downtime of the samplers be kept to a minimum., This requires
procedures that ensure a steady flow of clean filters to the site.
The procedures must also include intermal checks of the field
information to identify problems with the sampler and with sample
collection. It is essential that the problems be identified and
rectified rapidly.

The particulate data are to be used in various source-receptor
models to determine causes of visibility impairment. The data must
be able to stand legal scrutiny. The procedures must include
sufficient quality assurance checks to provide the most accurate and

dependable results possible.
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6. The changing of filters at the sampling site is handled by persons
who are involved in the program less than an hour a week.
Therefore, the field procedures must be simple and self-evident. By
making the normal routine as simple as possible, the field operators
can concentrate on abnormalities.
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B. The IMPROVE Sampler

The IMPROVE sampler consists of four independent filter modules and a
common controller, as shown in Figure 1. Each module has its own inlet,
PM2.5 or PM10 sizing device, flow rate measurement system, flow
controller, and pump. The &4 pumps are housed in a separate unit to
isolate their vibration from the rest of the sampler.

PH10 teflon

g

sunshield
fine quartz

fine nylon ///,/’///
fine teflon
s

and
vacuum hoses
in conduit

Figure 1, Schematic of IMPROVE Sampler.
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Each module in the standard sampler has two filter cassettes, with the
first cassette collecting samples on Wednesday and the second on
Saturday. Each filter cassette is color-coded, with one set of colors
referring to the module (red, yellow, green, blue) and the second set to
the first or second cassette within the module (black, white). Table 1
lists the major data for each module, including the filter media, the
color codes, and the analytical techniques.

Table 1. Filters used in standard IMPROVE sampler,

module  particle filter color analytical methods
size material code
A PM2.5 “Teflon red mass, LIPM, PIXE, PESA
B PM2.5 nylon yellow IC
G PM2.5 quartz green TOR
D PM10 Teflon blue mass

The filters are transported to and from the site in sealed cassettes
using specially designed shipping containers. The field operator
removes the cassettes with exposed filters and inserts the new cassettes
without directly handling the filters. With this system it is possible
to have multiple filters in a single cassette. The C module has two
quartz filters in tandem, with the second filter to monitor the artifact
caused by adsorption of organic gases; this second filter is not
routinely analyzed. For NPS congressionally mandated sites, the D
module has an impregnated filter following the Teflon filter in order to
measure sulfur dioxide gas.

C. Responsibilities for Maintaining the Procedures

The overall responsibility for the procedures belongs to the Project
Manager. He is responsible for appropriate coordination between
personnel to maintain the procedures. As a senior scientist, the
Project Manager is responsible for characterizing and calculating the
various artifacts and uncertainties in the collection and analysis.
This includes proposing QA tests using the Davis Field Stationm.

The Quality Assurance Manager is responsible for the details of rthe
procedures. He works closely with the Field Support Manager to verify
that the proper procedures are being followed in the sample-handling
laboratory and in the field. He is responsible for validating the
results of the wvarious UCD analytical systems and the final data,
including the data from the external contractors.
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IMPROVE STANDARD OPERATING PROCEDURES JULY 1989

The Field Support Manager is responsible for the procedures in the
sample-handling laboratory and for procedures in the field. Included in
the laboratory procedures are the procedures for measuring mass and
absorption. He coordinates with the external contractors to maintain a
proper flow of samples and data., He coordinates with the Field Engineer
to correct sampler problems immediately and oversees the annual
maintenance schedule,

The Field Support Manager is also the sample-handling laboratory
supervisor. Assisting him are three full-time laboratory technicians
and several student technicians.

The maintenance of the samplers is the respomsibility of the Field
Engineer and the Field Technician. This responsibility includes the
annual audit and routine maintenance. These persons are also
responsible for conducting QA tests at the Davis Field Station,
including tests to consider the feasibility of sampler modifications.

The PIXE/PESA Manager is responsible for the procedures to be followed
in the analysis of the samples by PIXE and PESA.

The Support Group is responsible for developing and maintaining the
computer hardware and software used in the procedures. The software
includes several programs for sample handling, programs for the PIXE and
PESA analytical methods, programs for data reduction and validatiom, and
programs for data presentation and transmission. The Head of the CNL
Computer Support Division is the Computer Support Manager. The other
members of the group are the Quality Assurance Manager and the PIXE/PESA
Manager. All three members of the Computer Support Group have
considerable ‘experience in aerosol analysis. The group coordinates with
three additional staff members who develop and maintain software
relating to operating procedures.

D. Overview of the Standard Operating Procedure Document

The procedures are separated into 6 segments. The first 3 segments
concern sample handling: before shipment to the site, at the site, and
after return from the site. These procedures are designed to maintain a
smooth flow of samples, assure good inventory control, and minimize
contamination. The fourth segment treats the several analytical
techniques used in the program. The purposes of the analytical
procedures are primarily to maintain the highest quality analyses and
secondarily to maintain efficiency. The fifth segment examines the
procedures to produce the concentration database from the analytical
results, to validate the data, and to generate the seasonal data
summaries. °"This section includes procedures to compare all the data in
order to detect possible errors.The final segment deals with procedures
for routine and unscheduled maintenance of the samplers in the field.
At the beginning of each of these segments there is a flow diagram or a
summary of the procedures of the segment. -
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Supplemental information is included in appendices to these segments.
Appendix 1 lists the various forms used in the three sample-handling
segments. Appendix 2 describes the IMPROVE sampler and the field
procedures in detail. Appendices 3 to 7 give more detailed operating
procedures of the various analytical procedures. .Appendix 8 provides
additional lists for the annual inspection and maintenance of the
samplers, and forms for flow audits,
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II. SAMPLE HANDLING BEFORE SHIPMENT TO THE SITE

The handling procedures in this section cover all actions from the Purchgse
of the filters up to the shipment of the clean filters to the sampling site.
Figure 2 gives the flow diagram for this portion of the procedures. UCD is
responsible for all actions in this section except for the purchase and
pre-firing of the quartz filters, the responsibility of the carbon
contractor. :

A B C D
fine Teflon fine nylon fine quartz total Teflon
purchase purchase purchase purchase
filters filters filters filters

y Y
Mmeasure pre-fire
pre-LIPM filters*

i \ |
measure send to measure
pre-MASS ' - UCDh* pre-MASS
\ \ ] I

load clean filters into cassettes
attach identification tags to cassettes

Y

-leak-test ail cassettes

Y
send cassettes with clean fiiters to site

Figure 2. Flow diagram for the procedures for sample handling before the
shipment of the clean filters to the sampling site. The starred procedures
(*) are done by the carbon contractor.
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A. Preparing the Clean Filters

This section includes the procedures for preparing the four types of
clean filters used at the IMPROVE sites: fine Teflon, fine nylon, fine
quartz, and PM10 Teflon. Because the procedures differ significantly
between the types, each type will be treated individually. This section
inecludes procedures from two analytical methods: gravimetric mass (MAS)
and the Laser Integrating Plate Method (LIPM).' The procedures are
discussed in detail in sections V-A and V-B.

1. Module A fine Teflon filters
a. Purchase Teflon filters (Gelman Teflo) from commercial vendor.
b. Prepare collection masks.

The collection mask fits underneath the fine Teflon filter in
the cassette and reduces the area of collection. The primary
purpose is to improve the sensitivity of the PIXE and PESA
analyses by concentrating the particles. The mask also reduces
the mass artifact by isolating the filter from the O-ring. The
decrease in the area of collection is limited by filter
clogging; in regions of high concentrations the flow rate can
be reduced below the acceptable range.

The collection masks are prepared from the inert paper spacers
that Nuclepore Corporation provides between Nuclepore 47 mm 8 um
polycarbonate filters. The spacers have a very light coating of
Apiezon-L grease. Many years of experience have shown that this
paper will not transfer mass to the filters. The spacers are
retained in their original factory containers when 47 mm
Nuclepore filters are processed for other studies. These
containers are labelled and sealed until required as stock for
preparing the collection masks.

The masks are prepared using specially machined double-action
cutter punches. The cutter punches simultaneously cut the 25 mm
outer diameter and the desired collection diameter. Both punch
and cutter are concentric, centering the collection area in the
25 mm mask. It is imperative that the cutter punch be handled
gently and the heat-treated and ground edges be protected. The
edges are very sharp and can cause injury. If the cutter punch
is dropped or not correctly used, damage to the cutter punch
will result and it will have to be remachined.

The procedures for preparing the collection masks are as
follows.

i. Obtain a sealed and marked container of 100 Nuclepore
spacers from the laboratory supply.
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iv.

vi.

vii.

Obtain the corregt punch for the desired collection area,
generally 2.2 cm<.

Obtain a thick pad of clean, pure Teflon material from the
laboratory supply retained for this purpose. This pad,
approximately 1/2-inch thick, provides a cutting surface
that will not dull or change the geometry of the cutter
punch faces.

Place the Teflon material on the base of the mandrel press.
Open the mandrel press enough to accommodate the cutter
punch assembly when resting on the Teflon. Initially, place
no more than 5 spacer papers on the Teflon pad and center
them under the cutter punch. Gently, but firmly, apply
pressure to the assemby with the press arm until a distinct
cutting sound is heard and felt. Open the press and observe
that 25 mm masks with the desired hole have been produced,
Remove the completed masks and put them in a clean
container. Discard the excess spacer material.

Verify that the mask geometry is correct. Using a vernier
inside/outside caliper from the laboratory supervisor,
measure the inside diameter of the fabricated masks. Make
sayeral measurements and determine the mean. For a 2.2
cm“collection area, the diameter should be 16.773 + 0.01 mm,
(The collection area of the actual particles on the filters
has been found to equal this measured area.)

With practice and experience, up to 10 masks can be produced
at a time.- If incomplete cutting occurs, reduce the number
of pieces of stock in the press back to 5. '

When all 100 spacers in the original supply have been
converted to masks, seal the masks in their container. Wrap
the cutter punch with tape and recturn it co che proctective
foam box. Return the Teflon pad to its storage.

¢. Process a group of 50 filters through the LIPM station.

At this station the filters are given filter identification
numbers and the precollection LIPM values (pre-LIPM) are
measured. The filter identification number is used for the
Teflon filters (modules A and D) to associata the precollection
values of LIPM and mass with a given filter. The filctar
identification codes are given in Table 2. The filter
identification system is used in addition to rhe sample
identification system that specifies the gampling site and the
date of collection. The correspondence between the two
numbering systems is made after the exposed filter returns from
the site. :
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Table 2. Filter identification code for Teflon filters.

module collection area code
fine Tefloﬁ A 1.1 cm2 TFnnnn . M2
fine Teflon A 2.2 cm TFnnnn.M1
fine Teflon A 3.8 cm? TFnnnn . MO
- PM10 Teflon D 3.8 cm2 TFnnnn.U

Prepare 50 Filter Identification Tags (red Avery dot labels)
with the next sequential filter identification number.
(Check last assigned number on the A-Preweight Logsheet and
increment by one,) Obtain a petri box of 50 petri dishes and
place the Filter Identification Tags on the petri dishes.
Record the numbers on the A-Preweight Logsheet.

o)

ii. Insert clean Teflon filters from the supply into the 50
Quickie Mounts of the LIPM system.

iii. Measure the 50 pre-LIPM values following the procedures
described in section V-B. (The pre-LIPM value is the
intensity of light transmitted through the clean filter.)
Record each pre-LIPM value alongside the filter
identification number on the A-Preweight Logsheet.

iv. Place each filter in its proper petri dish. Place the petri
dish back in the petri box and label the box.

Measure the tare masses of 30 filters (pre-MASS).

The filters are weighed in batches of 50 filters. Within chis
batch the work is separated into groups of approximately six
filters. Between each group of 6 filters, the calibration of
the balance is checked. 1If necessary, the balance is
recalibrated. :

Remove 6 petri dishes from the appropriate petri box and measure
the pre-MASS values of the filters following the procedures
described in section V-A. Record the pre-MASS value of each
filter alongside the proper filter identification number on the
A-Preweight Logsheet. Return each filter to its petri dish
after weighing and return the petri dish to the petri box.

For each of the 30 entries on the A-Preweight Logsheet, enter

the filter identification number, the pre-MASS value, and the
pre-LIPM value in the sample-handling database.
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2. Module B fine nylon filters

Purchase nylon filters (Gelman Nylasorb) from commercial vendor. No
further processing is necessary.

3. Module C fine quartz filters
a. (carbon contractor) Purchase Pallflex 2500QAT-UP quartz filters.

b. (carbon contractor) Pre-fire the quartz filters at 900° for at
least 4 hours, following operating procedures developed by the
contractor.

¢. (carbon contractor) Ship the carbon filters to UCD, These are
identified by lot number.

d. (UCD) Receive the prefired quartz filters and store in the
freezer until required for the loading sequence.

4, Module D PMLC Teflon filters
a. Purchase Teflon filters (Gelman Teflo) from commercial vendor.

b. Prepare 50 Filter Identification Tags (blue Avery dot labels)
with the next sequential filter identification number. (Check
last assigned number on D-Preweight Logsheet and increment by
one.) Get a petri box of 50 clean petri dishes and place the
Filter Identification Tags on the petri dishes. Record the
numbers on the D-Preweipght Logsheet.

¢. Measure the 50 pre-MASS values following the procedures
described in section V-A. (The pre-MASS value is the tare mass
of the filter.) Record sach pre-MASS value alongside the filter
identification number on the D-Preweight Logsheec. Place each
filter in its proper petri dish after the weighing and return
the petri dish to the petri box. Label the petri box when
finished. '

d. For each of the 530 filters on the D-Preweight Logsheet, enter
the filter identification number and the pre-MASS value into the
sample-handling database.

B. Loading the Cassettes

The procedures in this section are triggered by having a Blue Box with
empty cassettes. The Blue Box is a shipping container that was
specifically designed to transport the weekly supply of filter cassettes
between UCD and the sampling sites. The blue case is molded ABS
material with metal reinforcement. The cassettes are vibrationally and
thermally insulated by a soft, polyurethane foam liner. The case is
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water-tight and held closed with cam locks. Molded on the front of the
case is the message "KEEP OUT OF DIRECT SUNLIGHT." On the front there is
a flush-mounted mailer with a metal frame and an indented section to
display the site-date tag. The mailer has a reversible prepaid mailing
label. The UCD address is on one side of the mailer, while the site
address is on the other. Each Blue Box is assigned to a given site,

For each site there are 5 to 7 Blue Boxes in the system.

1.

Prepare the Field Logsheet with the site and date sequence.

a. The Blue Box will have the site and date for the desired sample
change listed on the outside label. Verify that this date
agrees with those of the next tags on the sheet of preprinted
sample identification numbers for this site. Update the IMPROVE
Dot Chart to indicate that sample preparation is in progress.

b. Record the appropriate sample identification numbers
corresponding to each sample on the Field Logsheet. Table 3
gives the code for the sample identification numbers and the
associated color codes for all of the modules. (The color code

. is used to mark the cassettes.)

Table 3. Sample identification code and color code for all filters.

module filter color code sample identification code
A 1 red/black site-date-al
A 2 red/white site-date-A2
B 1 yellow/black gite-date-B1
B 2 vellow/white- site-date-B2
C 1 green/black site-date-C1lP (primary)
site-date-C1S (secondary)
C 2 green/white site-date-c2P (primary)
" site-date-(G28 (secondary)
D 1 blue/black site-date-D1
D 2 blue/white site-date-D2

The site code is the standard four-letter NPS code. (e.g. ROMO)
The date is that for the Tuesday of the sample change. (e.g. 1/7/89)

Check the cleanliness of the module A cassettes and load them with
¢lean Teflon filters.

4. Remove the protective red cap from the Al cassette (red/black)
and verify its cleanliness.
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Remove the cassette top and the lock ring. Check that the top
hag a single flat gasket. Recheck the condition and the
cleanliness of the collection mask, the drain disk, and the
ethylene propylene (EP) O-ring. Replace the drain disk, if it
has discarded during cleaning or if it is dirty. Replace the EP
O-ring, if it was removed during cleaning or if it deformed. Be
careful to return the filter grate with the finer grids oriented
up and the large bar grids down. If necessary, reclean the
filter grate and O-ring by gently brushing with the brush
reserved for nonquartz cassettes.

Verify that the correct collection mask is installed; if the
mask is dirty or worn, replace it with a new one,

Remove the next petri dish from the fine Teflon petri box.
Transfer the filter identification tag from the petri dish and
the sample identification tag from the pre-printed sheet to the
top cap, locating them between the exposed ridges. Center and
mount the clean drain disk, the collection mask, and the Teflon
filter on the grate. The rough and extended edges of the filter
should mate with the mask. This orientation will present an
open, smooth, and flat surface. Gently place the lock ring on
the cassette, taking care to keep the filter centered and not
damage the filter support ring. Place the cap with a single
flat gasket over the lock ring and tighten it. Keep all
elements centered and make it finger tight. Reinstall the
protective red cap designated "A" over the cassette.

Record the filter identification number on the Field Logsheet.
Put the cassette in the Blue Box.

Repeat procedure for the A2 casette (red/white) .

3. Check the cleanliness of the 47 mm module B cassettes and load them
with clean nylon filters.

a:

Check the cleanliness of the Bl cassette (yellow/black)
following the procedures for module A.

Transfer the Sample Identification Tag from the pre-printed
sheet to the cassette. There is no filter identification number
for the nylon filter.

Obtain a clean nylon filter from the supply and load it into the
cassette directly on to the diffusion and support grid.

Put the cassette in the Blue Box.

Repeat for the second nylon filter (B2, yellow/white).
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4. Check the cleanliness of the module C cassettes and load them with
¢lean quartz filters.

The module C cassettes contain two sections, each with a quartz
filter. The first or primary filter collects all the particles and
adsorbs organic gases, while the secondary filter only adsorbs
gases.

a.

Disassemble each gection of the Cl cassette (green/black) and
check the cleanliness. Assure that two flat silicone rubber
gaskets are used in the cassette cap of the first section. Two
gaskets are mneeded to provide spacing so that the hold down
retainer of the cyclone manifold will fit. If there is still
any glass filter debris, remove it with the brush reserved for
quartz cassettes. Replace the drain disk if it was removed
during cleaning or if it is dirty. Replace the O-ring with a
Yiton O-ring, if it was removed during cleaning or if it is
deformed.

Load a clean quartz filter from the supply into each section of
the cassette.

Record the lot number for each filter on the Field Logsheet.
Transfer cthe Sample Identification Tags from the pre-printed
sheet to each section of the cassette. The primary filter has
the suffix "P", while the secondary filter has the suffix "3«

Put the cassette in the Blue Box.

Repeat for the second quartz cassette (C2, green/white).

>. Check the cleanliness of the module D casséttes and load them with

clean Teflon filters.

4.

Check the cleanliness of the D1 cassette (blue/black) following
the procedures for module A.

Insert a clean Teflon filter from the module D container box.

Do not use a collection mask with this filter. Mount the filter
with the ribbed side down and the smooth side up. ("Up" means
facing the incoming air.)

Attach the Filter Identification Tag and the Sample
Identification Tag to the outside of the cassecte.

Record the filter identification number on the Field Logsheet.

Put the cassette in the Blue Box.
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f. Repeat for the module D2 cassette (blue/white).

If a dynamic field blank (DFB) cassette is in the DFB queue, include
it in the current Blue Box. (The DFB is identified by having a
yellow cap on the hose énd.) Do not include more than one DFB per
Blue Box. The type of module D cassette must match the normal type
for this site, with respect to the impregnated filter. Repeat the
procedure for a cassette of the given module. Add the suffix DFB to
the sample-identification number. Include the standard letter
describing how to install the DFB.

This completes the loading of the cassettes. Transfer the Blue Box
to the leak-test area. Leave the Blue Box open.

C. Verifying the Loading Procedures and Leak-testing the Cassettes.

At this point, all the cassettes have been loaded with clean filters,
have their identification tags, and are in an open Blue Box, along with
the accompanying Field Logsheet.

1.

Verify that all cassettes are present and have been loaded with
clean filters, :

Verify that the filter- and sample-identification numbers and the
quartz-lot numbers correspond to those recorded on the Field
Logsheet.

Record these numbers on the Mailer Record Logcard.

Mount a cassette on the leak-test element designated for the
specific module, following the standard color code. Hand tighten
the nut. Remove the protective red cap and place the appropriate
leak-cap gently over the open cassette face. There are two
leak-caps, one for 25 mm and one for 47 mm. Open the vacuum valve.
and observe the flowmeter. If the flow rate is less than 1 L/min,
the system is considered to be airtight. If the flow rate exceeds
this value, find and remove the leaks (recenter components, replace
O-rings, etec.).

Special care is required for the module C quartz cassettes. Because
of the fragility of the filters, it is not possible to get as good a
seal; the criterion for this module is 3.5 L/min. Begin by
tightening the secondary filter, and then tighten the primarv
filter. Be careful to tighten each filter segment only to a "firm"
hand tightness. An absolute leak seal cannot be guaranteed by
further tightening. Excessive tightening will cause the lock ring
to sever the edges from the filter. This will cause the cassette to
leak significantly, and the flow meter will rise sharply. The
filter will appear to warp. Replace all filters which have been
overtightened.
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Replace the protective red cap designated for the module,
Repeat the leak-test for the remaining cassettes in the Blue Box.

Record the current date on the Mailer Record Logcard in the column
marked "date shipped."

File the Mailer Record Logcard in the Mailer File chronologically by
site. Verify that the this card follows the previous card by 1
week.

D. Prepare the Blue Box for Shipment.

1.

Make certain the reusable, reversible mailer label on the Blue Box
displays the site destination.

Update the IMPROVE Dot Chart by filling in the site/week box with
yellow ink.

Place the Blue Box in the mailing tub for dispatch.
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ITI. SAMPLE CHANGING AT THE SITE

Sample changing is performed every Tuesday by the field operator. Each site
has a manual (Appendix 2) with the procedures and a description of the
program and the sampler. The procedures are also written on the inside of
the doors for the controller, module A, and module D. Fipure 3 gives the
flow diagram for sample changing.

receive container of clean filters from UCD

Y

record date and temperatures
start 30-minute timer

Y

measure and record flow rates
record efapsed time _
remove cassettes with exposed filters

A

insert cassettes with clean filters
measure and record flow rates

Y

send container of exposed filters to UCD

Figure 3. Flow diagram for sample changing at the site.
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A. Preparing for the Weekly Sample Change

1.

When the Blue Box is received at the site, record on the Receipt
Log, the date received and the date written on the label of the Blue
Box. The Blue Box should be received 1 to 2 weeks before the date
for sample-changing.

Keep the Blue Box in a clean, dry, and cool location.
For the Tuesday sample change, take two Blue Boxes to the site: the

empty Blue Box with last Tuesday’s date (Old Blue Box) and the full
Blue Box with the current Tuesday’s date (New Blue Box).

B. Removing the Exposed Cassettes

1.

Remove the Field Logsheet from the 0ld Blue Box. The front side
will have been filled in last Tuesday. On the reverse side, record
the present date and time, your initials, and the current, the
minimum, and the maximum temperatures.

Open the control module and verify the date and time of the
controller clock. Turn the bypass timer to 30 minutes. This will
start all four pumps.

For each module (A, B, C, D) in turn, do the following:

a. Record the small gauge before pressing either filter switch.
This should be between 16 and 25 "Hg, depending on the
elevation. 1f it drops below this, the problem might be
internal pump failure or leaks in the hose., Call UCD.

b. Press the filter 1 toggle switch and record the small gauge and
the magnehelic gauge. Repeat for filter 2. The readings should
be near the green line marked on the gauges. See manual or
instructions on door for troubleshooting help.

c. Record both elapsed times in hundredths of hours and zero both
timers. Times of 24.00 hours are expected.

d. Remove each cassette from the holder by first unscrewing the
hose from the solenoid. Then unscrew the knurled knob holding
the cassettes enough to lift the support bracket and remove the
cassette. Do not remove the knob completely. Get the
protective red cap marked for this module from the old box. Put
the cap on the cassette and place the cassette in the 0ld Blue
Box. When finished with module D, place the completed Field
Logsheet in the 0ld Blue Box.
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C. Inserting the Clean Cassettes

1.

Remove the Field Logsheet from the New Blue Box. Check the date on
the box and on the Field Logsheet; if this is not the present date
for the week, make a note on the Field Logsheet. Fill in the
current date and time and your initials.

Insert the cassettes for each module in turn, selecting the two
cassettes for each module: red for A, yellow for B, green for C,
and blue for D. Remove the red cap from the black (filter 1)
cassette and put the cap in the New Blue Box. Insert the cassette
into the left side of the manifold (under the clamp) and attach the
hose onto the left (filter 1, black) solenoid. Hand tighten the
nuts on the cassette. Do not use a wrench or pliers to tighten
them. Make certain both cassettes are firmly mounted on the
manifold and tighten the knurled knob.

Record the gauges for each module in turn.
a. Check that the elapsed timers were reset,
b. Record the small gauge before pressing the toggle switches.

¢. Press the filter 1 toggle switch and record both gauges. 1If
eicther gauge is not near the green line, check the
troubleshooting guide inside the module A or D door.

d. Press the filter 2 toggle switch and record both gauges.

Store the Field Logsheet in the New Blue Box.

Reverse the mailing label on the 0ld Blue Box with the exposed
filters, so that the label shows the UCD address. Do not add
postage: che shipment is prepaid, First Class. Send the Blue Box
to UCD.

If a dynamic field blank is sent with the Blue Box, it is
accompanied by a form letter describing the special steps required.
The dynamic field blank is needed to monitor any contaminacion in
the system. It follows the same path as an actual sample, except
that no air is drawn through. The cassette with the dynamic field
blank has a yellow cap on the end of the hose and has the suffix DFB
on the end of its identification number (e.g. GUMO 09,/17/89

ALDFB.) Do not remove the yellow cap. The hose will be tagged with
the color appropriate for that module. The blank is inserted on the
maniford in place of one of the two manifold caps, so that there are
three cassettes on the manifold. When the cassettes are removed on
the following Tuesday, replace the cap on the cyclone manifold.
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IV,

SAMPLE HANDLING AFTER SHIPMENT FROM THE SITE

JULY 1989

The handling procedures in this section cover all actions from the receipt
of the Blue Box with exposed filters up to the transfer of the filters to

the external contractors or to the queue for cyclotron analysis. Figure 4
gives the flow diagram for this portion of the procedures,
receive cassettes with exposed Miers from site
review field log sheet
discard invalid samples -l enter into datahnse ]
transfer filters and identification tags from casscttes to petrl dishes
!
measure mensure
post-MASS post-MASS
transfer lilters store in
to siide mounts freezer
measure
post-LIPM
] ]
archive in send lo send to arclve In
Stide trays for lon contractor carbon contractor pelri dish
PIXE/ PESA | arfon ac peiri dishes
A n C )}
line Teflon Mne nylon fine quartz total Teflon

Figure 4.

receipt of the exposed filters from the sampling site.

Flow diagram for the procedures for sample handling after the
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A. Receiving the Blue Box

1. TImmediately upon receipt of the Blue Box of exposed cassettes from
the site, update the IMPROVE Dot Chart by placing a blue dot in the
site/week box, on top of the yellow coloring.

2. Clean the outside of the Blue Box.

B. Reviewing the Field Logsheet

The Field Logsheet is reviewed by the person who removes the exposed
filters. The review is conducted prior to the removal. The Field
Logsheets will be reviewed again by the laboratory supervisor prior to
their entry into the sample-handling database.

If correction or explanation is required, draw a single line through the
existing information using a fine red pen, and enter the correct
information. Comments should also be made using the fine red pen.

1. Verify that the actual date of the sample change corresponds to the
sample date of the sample-identification numbers. (Actual dates
that are 1 or 2 days before the sample-identification date are
acceptable.)

If the dates do not agree, and the samples were not collected over
multiple periods, replace each Sample Identification Tag with ome
indicating the actual Tuesday sampling date. The discrepancy in
dates could occur if the field operator used the incorrect Blue Box.

2. Check for omissions. If possible estimate the correct reading from
other readings on the Field Logsheet, or from readings on the
previous Field Logsheet. If the solution is not evident, check with
the laboratory supervisor and call the field operator. (If the
correct data cannot be determined the sample will have to be
invalidated.)

3. Review the comments by the field operator and take action
accordingly. If an equipment or hardware malfunction is reported,
take action to correct the problem.

4. Verify that all closed-solenoid gauge readings (system vacuum
without sampling air flow) are greater than 16 inches mercury.

5. Verify that magnehelic values range from 0.20 to 0.50.

6. Verify that filter pressure drops measured on the small gauge are in
the following approximate ranges.

1.5 inches mercury

oOw)
1A TA JA A
AP

.0
. o " L
.3

" "
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7. Verify that the sampling durations are approximately 24.00 hours.
For sites running with small generators known to have variable
frequency (CANY, ARCH, and ISRO), if the times range from from 23.6
to 24.4 hours, correct the times to 24,00 hours. (The controllers
use quartz clocks and are not affected by the line frequency.) This
variation reflects a frequency variation of %1 hertz.

8. If the samples are not valid they are generally removed from the
normal system at this point and put in the Unusable Archive. The
action must be recorded on both the Unusable Archive Inventory and
the Field Logsheet. Add the suffix, listed below, appropriate to
the action to the sample-identification number on both the Sample
Identification Tag and the Field Logsheet (e.g. ROMO 3/15/88A1XX).
Include a short explanation on the Field Logsheet of why the sample
is invalid, such as "Cassette loose and moved from sample port" or
"Tubing attaching support broken." Transfer the filter to a petri
dish and put the petri dish in the Unusable Archive. If there are
questions concerning validity, check with the laboratory supervisor.
If necessary, call the field operator. The three acceptable
suffixes and the accompanying reasons for invalidating a sample and
archiving it in the Unusable Archive are:

a. DB: double sample. The samples were exposed for longer than 24
hours, that is, over more than one period.

b. PE: pump failure. The vacuum gauge readings with the solenoids
closed are less than 15 inches of Hg.

c. XX: 1invalid for other reasons. The sample ran for less than 12
hours, the filter has a hole, the filter has obvious problems
(not centered properly, grill upside down), the filter was
dropped or contaminated by water, the cassette is broken.

9. 1In two cases, when the filter clogs or when the filter is not
installed in the sampler, the invalid samples are given a suffix,
but are not removed from the mormal system at this point. The
samples will be analyzed but the data will be discarded during che
data validation procedures. Add the suffix appropriate to the
action to the sample-identification number on both the Sample
Identification Tag and the Field Logsheet. If there are questions
concerning validity, check with the laboratory supervisor. If
necessary, call the field operator. The suffixes and the
accompanying reasons for including a sample in this category are:

a. GG: clogged filter. The final magnehelic reading is less than
1/2 of the initial reading, resulting in unreliable flow rate
measurements. (This sample is kept to document the factors
involved in clogging.) ;
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C.

10.

IB: transport blank. The filter was returned without having
been installed in the sampler. (The transport blank is used to
determine artifacts from all causes except adsorption of gases.)

Enter the date and your initials as reviewer at the end of the Field
Logsheet.

Unloading and Cleaning the Cassettes

1.

Module A fine Teflon filters

a.

Remove the protective red cap from the Al cassette (red/black)
and verify its cleanliness. If required, wipe the inside of the
cap with a Kimwipe dampened with ethanol.

Remove the cassette top and the lock ring. Transfer the fine
Teflon filter to a petri dish and transfer the accompanying
Filter Identification Tag and Sample Identification Tag from the
cassette to the petri dish. '

Place the petri dish in the fine Teflon storage tube.

If an incorrect collection mask was used, write the actual mask
used (e.g. "1.1l c¢m* mask") on the Field Logsheet with the red
pen. Change the filter-identification number on the Field Log
Sheet and on the Filter ldentification Tag to the correct mask
code, )

Check the condition and the clesnliness of the collection mask,
the drain disk, and the EP O-ring. Discard the drain disk if
dirty and the O-ring if deformed. Clean the filter grate and
O0-ring by gently brushing with the camel-hair brush reserved Zor
nonquartz cassettes. Discard the collection mask if the visible
aerosol is not uniformly circular.

Reassemble the cassertte.

Module B fine nylon filters

a.

Transfer each nylon filter to a petri dish and transfer the
accompanying Sample Identification Tag from the cassette to the

petri dish. There will be no Filter Identification Tag.

Transfer the petri dishes to the nylon petri box.

Record the sample-identification number on the RTI-Ton
Contractor Inventory.
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d. Clean the cassettes following the procedures for module A.

3. Module C fine quartz filters

The module C cassettes contain two sections, each with a quartz
filter. The first or primary filter collects all the particles and
adsorbs organic gases, while the secondary filter only adsorbs
gases,

a. Transfer each fine quartz filter to a petri dish and transfer
the ‘accompanying Sample Identification Tags from the cassette to
the petri dish. Keep the primary and secondary filters
separate,

b. Place the petri dishes in the quartz petri box. When the box is
full, return the petri box to the freezer.

c. Record the sample-identification number on the DRI-Carbon
Contractor Inventory.

d. If two filters were inadvertently used for either the primary or
the secondary filter, process them as a single filter, and write
a comment on the Field Logsheet. (This occasionally occurs
because the quartz filters tend to stick together.)

e. Make certain that gfwo flat silicone rubber gaskets are used in
the cassette cap of the first section. Disassemble each section
of the cassette and clean. Gently brush away glass filter
debris with the brush reserved for quartz cassettes. Make sure
no debris is retained under the lip of the anti twist lock ring.
Brush the debris into a waste receptacle. Be careful not to
raise or breathe any filter debris dust during this operation.
The quartz debris is highly electrostatic and can contaminacte
other samples. Discard the drain disk if dirty and cthe O-ring
if deformed. '

4. Module D PMI0O Teflom filters
a., Transfer each PML0 Teflon filter to a petri dish and attach the
accompanying Filter Identification Tag and Sample Identification
Tag to the petri dish.
b. Place the petri dishes in the PM10 Teflon storage tube.

c¢. Clean the cassettes following the procedures for module A.

5. Find the date for the next unprocessed week for this site on the
IMPROVE Dot Chart. Make a new tag.for this site-date and place .the
tag in its place on the Blue Box. Transfer the Blue Box to the
queue for clean filter processing.
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D. Checking and Entering the Field Data

This step consists in reviewing the Field Logsheet a second time and
entering the data on the Field Logsheet into the sample-handling
database. It can be performed at any time after the Field Logsheets are
initially reviewed and the filters are removed from the cassettes. The
second review is conducted by the laboratory supervisor or his
representative prior to the entry of the field data into the
sample-handling database,

1. Review the Field Logsheet for Quality Assurance
a. Verify that there is an entry for every space on the sheet.

b. Verify that the correct identification codes were made for all
samples. Verify that the dates are all correct or have been
corrected on the Sample Identification Tags and the Field
Logsheet. :

¢. If the data indicate any mechanical problems, verify that all
necessary corrective action has been initiated. If necessary,
call the field operator.

d. Check for consistency between the module B pressure drop and the
magnehelic readings. Low magnehelic readings may indicate that
the denuder has caused condemsation to accumulate in the high
pressure side of the magnehelic. Call the field operator and
have him remove the hose, drain the water, and re-attach it.
This operation requires less than a minute.

e@. Verify that the temperatures have been reported In Celsius; if
not, convert them.

f. Check for discrepancies in the eclapsed time. If one of the
elapsed times is less than the others for the same sampling
period, find the reason for the difference. Either correct the
value or discard the sample.

Review the comments of the field operator.
h. When you are satisfied that the Field Logsheet is complete and

correct, place your initials as reviewer above the date changed
on the front side of the Field Logsheet.

2. Entering the field data into the sample-handling dacabase

The entry is performed through the computer program DOLOGS. The
steps of this program are as follows.
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To the question of which record is to be entered, enter the site
code (4 characters) plus the subcode "1", and enter the date
encoded in the sample-identification number (e.g. "GLAC
05/02/89"). It is essential that this entry be correct.

The program will now call up each entry individually, following
the layout of the Field Logsheet.

If a character is typed incorrectly, use the backspace to delete
the character, and then type the correct character.

If incorrect data has already been entered, use the displayed
menu to modify the data,

When the last entry has been completed, the program will
automatically return to the site-date question for a new Field
Logsheet.

When the data for a Field Logsheet have been completely entered
into the data base, use a date stamp and a red inkpad to stamp
the current input date in the upper left corner of the reverse
(final) side of the Field Logsheet.

Place the date-stamped Field Logsheet in the file folder for
that site and season maintained in the IMPROVE file cabinet.
The Field Logsheets should be arranged in sequential order.

" E. Processing and Shipping the Exposed Filters

At this point, the exposed filters are in petri dishes with their
identification tag(s), and the dishes are in rhe appropriate storage
container. Each filter type now follows a geparate pathwav.

1.

Module A fine Teflon filters

a.

Determine the post-MASS

In this segment, the post-MASS is determined and the filter
transferred to a slide mount,

1. Get a petri dish from the fine Teflon storage tube.
Determine the post-MASS following the procedures of section
V-A. .

ii. Record the post-MASS on the Mounted Samples Logsheet.

iii., Load the filter into a slide mount.

Mark the white side of the slide mount with a blue indelible
wide-tip felt pen in four places. Write the
sample-identification number on the left, write the

Page 29




IMPROVE STANDARD QPERATING PROCEDURES JULY 1989

filter-identification number on the top, and write the site
code on the right, Read the position number corresponding
to the sample date on the position chart on the wall and
mark this number on the bottom edge of the mount. Place
this bottom edge into the temporary slide tray first; this
number will be hidden by the tray structure.

iv. When the temporary'slide tray is full, transfer the tray to
the LIPM analysis queue.

b. Measure the post-LIPM value for each sample in the temporary
tray, following the procedures described in section V-B. Record
the post-LIPM value for each slide on the Mounted Samples
Logsheet,

¢. Enter the sample-identification number, the
filter-identification number, the post-MASS, and the post-LIPM
into the gample-handling database, for each of the 50 lines on
the Mounted Samples Logsheet.

This action connects the filter-identification number and the
sample-identification number, permitting the computer to get the
proper pre-MASS and pre-LIPM values. At this point the computer
will determine the net mass and optical absorption of the
sample, check that the values are in the acceptable range, and
print a message to the techniecian. If the values are not
acceptable, the technician will check the entries.

d. Transfer the slides from the temporary tray inte permanent
site-specific trays. (Each site-specific tray will hold the
samples for one season. The position in the tray corresponds to
the sampling period within the season.) The number at the bottom
of the slide mount will give the position in the tray. Place
the tray in the queue for PIXE analysis,

2. Module B fine nylon filters

When four petri boxes (200 nylon filters) have accumulated, ship the
boxes to the ion contractor via First Class Mail, along with the
Nylon Filter Inventory.

3. Module C fine gquartz filters

Retain the petri boxes of exposed quartz filters in the freezer
until the large shipping container of 10 boxes (500 filters) is
filled. Add blue ice to the shipping container and ship to the
carbon contractor by Federal Express or UPS Second Day so that the
filters will remain cold during transport. Include the Quartz
Filter Inventory.
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4, Module D PM10 Teflon filters

a. Get a petri dish from the PM10 storage tube. Determine the
post-MASS following the procedures of section V-A. Record the
post-MASS on the PM10 Archive Logsheet. Enter the
sample-identification number, the filter-identification number,
and the post-MASS into the sample-handling database.

b. Return the filter to the petri dish. Place the petri dish in
the next position in the 50-position petri box for permanent
archiving. Record the sample and filter-identification numbers
on the PM10 Archive Logsheet. When the Archive petri box is
full, label the box and archive it. .

Page 31



IMPROVE STANDARD OPERATING PROCEDURES JULY 1989

V. SAMPLE ANALYSIS
A. Gravimetric Mass Analysis

For sample-handling procedures before and after the gravimetric mass
analysis, see sections I-A-1, I-A-4, III-E-1, and III-E-4. For the
startup precedures every morning and afternoon, see Appendix 3 for
Cleaning and Calibration of the Electrobalance, and IMPROVE Gravimetric
Controls.

Never turn the electrobalance off

1. Remove the filter from the petri dish by gently slipping the flat
forcep under the outer polyolefin support ring. IMPORTANT: Theé
forceps should contact only the outer support ring of the filter.
Do not touch the deposit area. Place the filter momentarily on the
antistatic strip, with the aerosol side up. Discard the petri dish
if this is an A filter. Repeat for approximately 5 more filters.

2. Enter the appropriate identification numbers on the appropriate

logsheet:
module A precollection ...., A-Preweight Logsheet
module D precollection ..... D-Preweight Logsheet
module A postcollection .... Mounted Samples Logsheet
module D postcollection .... PM10 Archive Logsheet

3. Remove the filter from the antistatic strip and place it aerosol
side up in the center of the weighing pan but offset toward the
right side of the pan by approximately 2 mm. The offset is required
so that the filter can be removed from the pan after weighing
without putting stress on the balance. If the filter is
inadvertantly centered on the pan, use a second pair of forceps to
nudge the filter very gently to. a position where the flat forceps
can again grasp the filter suppert ring only.

4. Close the glass door and allow the electrobalance to stabilize.
This will require approximately 30-45 seconds. Note that the
- digital weight readout will slowly decrease until stabilized.

5. When the balance is stabilized, record the mass value on the
logsheet. '

6. Remove the filter by opening the glass door and gently grasp the
filter support ring with forceps. IMPORTANT: Be very carerful not
to grasp the edge of the weighing pan while removing the filter;
pulling the balance pan could damage the balance. Slowly remove the
filter from the balance cavity and place it either in the same petri
dish (D filter) or on a prepared PIXE slide mount with the aerocsol
side up (A filter).
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7. After every 6 measurements, allow the balance to stabilize without a
filter to observe the "zero." If this value exceeds +2 micrograms,
recalibrate the balance following the procedures of Appendix 3.

8. Whenever the balance is not in use, close the balance glass window.

B. Laser Integrating Plate Analysis (LIPM)

The LIPM system is used to measure the optical absorption of the
particles on the fine Teflon filters. The absorption by the particles
on the filter is smaller than the absorption by particles in the
atmosphere because of the layering of particles on the filter. A
correction to the measured value, based on the areal density of
particles on the filter, is made at the time of data processing. A
schematie of the system is given in Figure 5. Light of 633 mm
wavelength from a He(Ne) laser is diffused ang collimated to provide a
uniform beam of light of approximately 0.7 cm® at the sample. The light
transmitted through the sample is collected with an Oriel 7022
photodiode detection system. The decrease in light intensity is
produced by both absorption and large-angle scattering. (Light
undergoing small angle scattering will be collected by the

detector.) The blank Teflon filter does not absorb light, but it does
scatter light; therefore, it is necessary to measure the transmission
of the blank filter. For the particles on the filter, the absorption is
the primary cause of decrease in light intensity, with only a small
amount of scattering.

LIGHT SHROUD FILTER . _ OPAL
] [ V,//ELASS

2 ]

IFFUSER i

He'Ne LASER | DIFFUSE b
MASK
- (VARIABLE)
RADIOMETER

Figure 5. Schematic of the LIPM system.
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The UCD LIPM system is designed to handle samples in 18x24 mm slide
mounts arranged in linear trays. Prior to the analysis of the
pre-collection clean filters it is necessary to put the filters in slide
mounts; specially modified slide mounts (Quickie Mounts) have been
machined to simplify the process. These Quickie Mounts keep the filters
centered but permit the filters to be inserted and removed easily. The
exposed filters are arranged in permanent slide mounts and linear slide
trays prior to the post-LIPM analysis.

The system is calibrated at the beginning of every analytical session,
following the procedures of Appendix 4. The system is adjusted to give
a reading of 0.000 when then Beam Attenuation lever is closed and 0.750
when no sample is present. A set of standard samples are analyzed and
the measurements are compared with the standard values. If the
measurements differ by more than a preset value, approximately equal to
the uncertainty of the measurement, the calibration is repeated. If
differences still exist, the system is examined for problems.

The steps for the pre-LIPM analysis is as follows. See section I-A-1
for procedures before and after the pre-LIPM measurement.

1. Clean the flat metal forceps with ethanol and transfer 50 Teflon
filters into Quickie Mounts. (The "Quickie Mount" is a modified
slide mount used to hold the filters during the precollection LIPM
analysis.) Note that each filter support ring has two distinctive
sideg, the smooth side and the lipped side.

Place the filter in the Quickie Mount with the smooth side facing
the black side of the mount. This orientation is followed in other
Air Quality Group protocols and assures that smooth side is always
the aerosol side, and that the smooth side always faces LIPM and
PIXE detectors. This standardized procedure also assures that when
aerosols cannot be visibly saeen, the orientation on the filter is
known,

2. Place each Quickie Mount in the 40 position slide ctray with the
black side to the front. This will assure the black face with
filter smooth aerosol side faces the detector. Note that the
position 1 corresponds to the sample identification 1 or 51 in the
identification sequence.

3. Place the filled slide tray to be prelasered in the LIPM system.
Adjust the calibration level to 0.750 using the vernier multipler
extension arm.

4. Push the slide in position 1 fully into the system. Observe and
record the value on the A-Preweight Logsheet under "Pre Laser™.
Representative values should be between 0,350 and 0.500.

5. Periodically verify that the calibration level of 0.750 is

maintained when the slide changer is fully out. Continue until all
filter prelaser values are obtained and recorded.
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6. Remove the 40 position slide tray from the LIPM system and orient it
such that the openings of the Quickie Mounts are vertical.
Carefully remove the filters sequentially and place them in their
corresponding petri dishes. After closing each petri dish, return
it to its petri box,

7. Repeat steps 4-6 for any remaining filters in the group of 50,

When the petri box is full (50 petri dishes), close it and attach a
1-1/2"x3" white Avery label to the container showing the sequential
filters enclosed, the date of the pre-LIPM analysis, and your
initials. Also include a space to enter the data for gravimetric
analysis.

Example: TF 4551.M1 thru 4600.M1
Prelasered 5/15/89 KW
Preweighed

Place the completed container and the A-Preweight Logsheet next to
the electrobalance to facilitate the pre-Mass analysis.

The post-LIPM analysis follows the post-MASS analysis (cf. section
ITI-E-1). At this point in the process, the exposed filters have bheen
mounted on permanent slide mounts arranged in temporary 40-position
linear slide trays. Each filter has been centered on the mount with the
aerosol face towards the black side of slide mount, and the sample date,
the filter-identification number, the site code, and an archive position
number have been written én the white side of the mount. Accompanying
the tray is a Mounted Samples Logsheet. This logsheet identifies the -
position, the sample-identification number, the filter-identification
number, the post-MASS and provides the location to record the post-LIPM
values. The procedures for the post-LIPM analasis are as follows .

1. Calibrate the LIPM system as in che pre-LIPM analysis.

2. Place the 40-position slide tray in the holder on the LIPM
apparatus. Adjust the vernier multiplier extension lever to read
0.750-with the slide changer fully out.

3. Sequentially cycle slide mounts and filters into the system. Record
the post-LIPM value for each sample in the Postlaser position on the
Mounted Samples Logsheet.

4. Periodically verify that the calibration level of 0.750 is
maintained when the slide changer is fully ourt.

5. When all samples in the tray have been analyzed, transfer the slide
mounts to the permanent linear slide trays organized by site.

6. Leave the LIPM system on, with the slide changer out and the cover
closed,

Page 35



IMPROVE STANDARD OPERATING PROCEDURES JULY 1989

7. Enter all the data from the Mounted Samples Logsheet into the
sanmple-handling database and put the logsheet in the permanent file.

C. PIXE/PESA Analysis

The UCD Particle Induced X-ray Emission Analysis (PIXE) system has been
optimized to analyze lightly loaded aerosol samples. The system uses a
4.5 MeV proton beam from the Crocker Nuclear Laboratory cyclotrom to
excite x-rays in the sample. The analysis program controls the
cyclotron beam and the changing of the samples. The x-rays are measured
by two detectors. The first detector measures the entire spectrum from
Na to Pb, but is optimized for elements with x-rays below the main line
of Fe. The second detector is optimized for Fe and above. With the
two-detector system, it has been possible to reduce the minimum
detectable limit of elements heavier than Fe by a factor of more than 2.

The PESA system runs concurrently with the PIXE system, and determines
the concentration of hydrogen in the sample. The method is most
effective when the filter material does not contain any hydrogen, as is
the case with teflon. :

1. Run the dBIII program to produce the instruction files for the
PIXE/PESA analysis. The program will determine the flow rates, the
elasped time, the volume/unit area (used in PIXE to calculate
concentration in mass/volume), the mass, the optical absorption and
other collection parameters and validity flags. The program will
control which samples to analyze and will permit the calculation of
concentrations at the time of analysis.

2. Run the PIXE system using a source to verify the correct operation
of the detector system.

3. Run the PTXE standards tray of approximately 40 standards. These
are single slement, double 2lement, and multi-=lement standards.
Verify the calibration of the system and update renormalizacion
values to compensate for small shifts in the system.

4. Run the PESA standards tray immediately after the PIXE standards
tray. This tray includes several mylar standards plus a series of
blank Teflon filters. Enter the calibration value from the mylar
standards into the analysis parameter file. Record the hydrogen
values for the blanks. Select the cleanest blank to be used as a
system blank for PIXE to estimate the background of x-rays in the
spectra.

2. Reanalyze a tray of filters from an IMPROVE site analyzed during the
previous IMPROVE analysis session. Compare the concentrations of
the two analyses for all major elements, including hydrogen. If the
Quality Assurance Manager and the PIXE/PESA Manager find the
calibration and reanalysis acceptable, begin actual analysis.
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Run the actual IMPROVE samples. Each tray contains all samples for
a given season from a single site. Initialize the analysis of the
samples in the tray by entering the identification code of the tray
in the acquisition program. Initialize the gpectral analysis
program by entering the run number of the analysis. Check the
following features in the PIXE spectral analysis of the sample. If
any problems are detected, consult with the QA Manager, the
PIXE/PESA Manager, or a senior scientist.

a. 1Is the background completely removed by the two background
steps? That is, do the valleys between the peaks in the final
spectrum go to zero. If not, determine if the problem is an
inappropriate blank. Verify on the output log that the run
number -of the blank is correct. Do not revise the fitting
parameters without consulting with the QA Manager or PIXE
Manager.

b. Periodically check the agreement of elements in the overlap
region of the two detectors. Make a note on the PIXE Runsheet
if the ratio of the two Fe's differs significantly from 1.0.

¢. Monitor the livetime of the detectors and the cyclotron beam
current carefully. If the livetime drops below 50% or if the
beam integrated charge begins to decrease, ask the ¢yclotron
operator to either drop or raise the beam current.

d. After every three trays, while the next set is being loaded into
the system, run the QA program to generate the standard
correlation and time plots for the three sites just analyzed,
Note any anamolies for the QA Manager.

Rerun the standards at the end of the session and verify the
results. '

Before ending the run, wait until the QA Manager is able to walidate
the results for all of the trays. If problems in the analysis are
determined, select the trays and samples involved and reanalyze
them.

D. TIon Chromatograph Analysis (IC)

The procedures of the ion analysis by the ion contractor, Research
Triangle Institute, are given in complete detail in Appendix 6. This
section will summarize the procedures.

1.

Receipt of the filter

The exposed filters are shipped from UCD to RTI in batches of 200
filters. Record the following data on the Sample Log Form when the
shipment is received: the sample indentification numbers, the date
of receipt, and any comments on the condition of the samples.
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2. Filter extraction
a. Desorb the sample in 15 mL of desorbing solution.

b. Expose the sample and solution to ultrasonic energy for 30
minutes.

¢. Allow the sample and solution to sit overnight.

3. Ion analysis

The analyses are performed on two ion chromatographs, Dionex Manual
Model 21201 and Model ‘14. The following calibration and standards
are run separately on the two units. The model used to analyze a
given sample is included in the reported data, although there does
not appear to be any bias between the models. The steps below are
performed daily.

a. Run a quality control standard (made at least weekly from
independently prepared stock solutions); proceed only if the
value agrees with the predicted value to within 10%.

b. Inject 100 mL of sample and solution into the IC unit and
analyze for chloride, nitrite, nitrate, and sulfate,

c. At the midpoint of the day, determine the calibration of the
model by running a series of calibration solutions of varying
concentrations.

d. During each day, run a quality assurance sample (EPA Acid
Precipitation Audit sample) and reanalyze one sample (Duplicate
Sample) . '

e. Periodically run a blank sample.of only the desorbing soiution.

4. Data transfer to UCD

The data are transferred to UCD via ASCII files on floppy disk in
groups of at least one batch of samples. The following information
for chloride, nitride, nitrate, and sulfate is provided for each
batch. All values are in units of micrograms/filter,

a. The values, mean, and standard deviation of the quality control
standard for each IC unit.

b. The values, mean, and standard deviation of the quality
assurance standard for each IC- unit.

¢. The values for each sample. This includes dynamic field blanks,

travel blanks, laboratory blank, and other quality assurance
samples provided by UCD.
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Thermal Optical Reflectance Analysis (TOR)

The procedures of the carbon analysis by the carbon contractor, Desert
Research Institute, are given in complete detail in Appendix 7. This
section will summarize the procedures.

The measurements are made using an OGC/DRI thermal/optical carbon
analyzer. The method is based on the preferential oxidation of organic
and elemental carbon compounds at different temperatures. It relies on
the fact that organic compounds can be volatilized from the sample
deposit in a helium atmosphere at a lower temperature than elemental
carbon. A small punch is removed from the sample and placed in the
analyzer. The temperature and oxidizing enviromment are changed in
time. This volatilizes carbon compounds, which are first converted to
carbon dioxide by passing the compounds over heated manganese dioxide:
the carbon dioxide is next reduced to methane. The amount of methane is
then measured by a flame ionization detector.

The principal function of the optical (laser reflectance) component of
the analyzer is to correct for the pyrolysis of organic compounds to
elemental carbon. Without this correction, the oxrganic carbon fraction
of the sample would be underreported and the elemental carbon fraction
would include some pyrolyzed organic carbon. The correction is made by
continuously monitoring the optical reflectance of the filter and sample
using a laser and photodetector. This reflectance, largely dominated by
the presence of black elemental carbon, decreases as pyrolysis takes
place and increases as elemental carbon is liberated during the higher
temperature stages.

1. Receipt of the filter

The exposed filters are shipped from UCD to RTI in batches of 500
filters. Record the sample-identification number for each sample in
the Air Analysis Logbook upon receipt. Store the samples in a
freezer until analysis.

2. Carbon analysis.

a. Remove a punch from the filter and place the punch in the sample
boat.

b. Place the sample boat in the analyzer and begin the automatic
sequence.

¢. At the end of the analysis, examine the thermogram for proper
laser response, temperature profiles, realistic carbon peaks,
and the presence of the calibration peak at the end of the
analysis. 1If a problem is found, analyze another punch from the
sample.
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d. Analyze replicate samples at a rate of one replicate per ten
samples.

3. Validate the analyses following the procedures described in Appendix
7.

4. Provide the results in micrograms/filter to UCD in ASCII files on
floppy disks. Include both the original and the replicate analyses.
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vI, PROCEDURES FOR DATA PROCESSING

A. Introduction: The Equations of Concentration and Uncertainty

1.

Volume

The volume is the product of the average flow rate and the sample
duration. The average flow rate is calculated the the gauge reading
recorded on the Field Logsheet and stored in the sample-handling
database. The average flow rate depends on the average temperature over
the sampling period, but not on the temperatures at the times of
measurement. The equations for the average flow rates from the
magnehelic and small gauge readings are:

magnehelic: AFM = a ( M1D + M2P )y /2 % ('1'&1vg/'1‘c..:-1].)l/2
small gauge: AFG = [c - d(G1+G2)/2] * (Tavg/Tcal)l/2

The variables in these equations are:
M1, M2 initial and final magnehelic readings
Gl, G2 initial and final small gauge readings
a,b,c,d calibration constants during audit
Tcal absolute temperature at the time of audit
Tavg average absolute temperature during sampling

In the following equations, V is the volume and fV is the fractional
uncertainty in volume. The fraction uncertainty in volume equals the
fractional uncertainty in flow rate, since the duration is well defined,
The uncertainty can be estimated from internal and 3rd-party audits.

The value determined in this manner includes both precision and
accuracy. The difficulty in making the estimate for the IMPROVE sampler
is that the precision of the built-in flow measurement system is as good
as the precision of most audit devices. At present, the best estimate
of internal precision of average flow rate is that it is better than 1%,
and the best estimate of total uncertainty is thact it is better than 33%.
All results from internal and 3rd-party audits are recorded in the audit
database. All calculations are based on a volume uncertainty of 3%.

Gravimetric Mass
The equation for the mass concentration is

C=(M-B)/V,
where M is the mass difference between the post-MASS and pre-MASS, and B
is the mass artifact determined from the mean of the controls and the
dynamie field blanks. The uncertainty in concentration is

oC = [ (£V 0)2 + (oFB / v) |1/2,

where ¢FB is the standard deviation in the congrols and field blanks.
The minimum detectable limit (mdl) is 300 ng/m”.
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3. Optical Absorption

The equation for the coefficient for the particles on the filter depends
on the initial and final LIPM measurements, the volume, and the area.
The values are multiplied by 0.97 to compensate for scattering by the
particles. To calculate to coefficient in the atmosphere, it is
necessary to divide the measured coefficient by a factor R that depends
on the areal density of the particles on the filter. The coefficient in
the atmosphere is calculated by the equation

b = (area/V) * 10% * 1n(PRE/POST) * 0.97 / R .
4. PIXE Analysis

The artifact concentrations for the PIXE elements are zero. PIXE
determines the areal density of the given element; to determine
concentration, this areal density is multiplied by (area/V). The
uncertainty of the concentration is the quadratic sum of the volume
uncertainty, the analytical uncertainty of calibration (proportional to
measured value), and the statistical uncertainty associated with the
number of counts in each spectral peak. The 3% volume uncertainty and
the 4% PIXE calibration uncertainty add together to give a total
uncertainty of 5%. The total uncertainty is thus 5% plus statistics,
added quadratically.

5. PESA Analysis

The equations for PESA for hydrogen are the same as for PIXE. Again,
there is no significant hydrogen artifact on dynamic field blanks.

6. lon Analysis

Analysis of field blanks indicate that there is artifact formation
during the period in the cassettas. The standard deviation of the Field
blanks provides an estimate of che uncertainty of the artifact. The
data from replicate samples indicate that the analytical uncertainty is
proportional to measured value, rather than a constant. The equatious
of concentration and uncertainty in concentration are

C=(M-B) /v,

oG = [(£V C)2+(cFB/V)2+(faxM/v)2 11/2
where M is the mass measured by the ion analysis and fa is the
fractional uncertainty in the analysis. The mdl is equal to twice the
uncertainty with no loading

mdl = 2 (oFB/V)

7. Carbon Analysis
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B.

Organic carbon artifact is caused by contamination in the filter
material, by contact with the cassette, and by the adsorption of organic
gases during collection. Elemental carbon artifact is caused by
contamination in the filter material and by contact with the cassette.
At present, we have insufficient data to to define the various equations
for organic and elemental carbon,

Entering the Data into the Concentration Database

1.

Run the dBIII program FLOWS to calculate and print all the flow rates.
This program will select the appropriate calibration constants, obtain
the data from the sample-handling database, and calculate the flow
rates. (The calibration database contains a record of every flow rate
calibration with the constants and the date of measurement.) The flow
rates will be calculated and printed. Check all cases when the two flow
rates differ significantly, find the cause, and correct the information
in the sample-handling database.

Run the dBIII program TRAY to create the instruction files for PIXE/PESA
and begin the process of transferring data from the sample-handling
database to the concentrations database. This program will include the
following information in the instruction file, using the data from the
sample-handling database:

a. The module A average flow rate from the magnehelic readings.

b. The module A sample duration (elapsed time).

¢. The volume / area.

d. The fine mass concentration and uncertainty.

e. The PM10 mass concentration and uncertainty.

f. The coefficient of absorption and uncertainty.

g. The filter-identificarion number for module A.

h. Information on the start time and date, and the site name.

i. 1Instructions on which samples to analyze.

These data are transmitted from this instruction file to the PIXE/PESA
spectra files, and from there to the PIXE/Pesa output files.

When the data from the external contractors are available for a complete
season, run the program IONS to generate similar output files for the
ion and carbon concentrations. This program combines the collection
data from the sample-handling database with the masses from the external
contractors to determine the concentrations and uncertainties.
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Run the-program PROM to combine the output files from the last two steps
to produce concentrations database files. Each file contains all the
data for a single site and season; this information is encoded in the
file name (e.g. ACAD1AlD.C88).

C. Validating the Data

At this point, the data from the external contractors have undergone an
internal analytical validation process. The gravimetric mass and absorption
values have been check for consistency. The PIXE/PESA analyses have been
check for internal consistency. In this segment of the procedures the
different variables are intercompared, and the results are examined for
anomalous variations with time.

The procedures here are followed by the Quality Assurance Manager.

1.

Run the programs CORFIL and CORCOF, using the data in the concentrations
database, to generate desired correlation plots for all sites. This
should be done for the following pairs: Si and Fe, $*3 (Teflon,PIXE)
and S04=(nylon,IC), mass and H, mass and reconstructed mass, OC and
organic mass by hydrogen and sulfur.

Run the program IMPSUM to generate time plots of major variables.

Run the program DBP to generate a wide variety of statistical
comparisons.

Check the results for systematic variations.

Check individual anomalies; look for errors in transcribing data.

D. Preparing Magnetic Tapes and Floppy Disks

1.

2.

Run program DBP to create ASCII versions of the concentrations database
files.

PIP the files to the magnetic tape or to a floppy disk, as desired.

E. Preparing the Seasonal Summaries

1.

Run the program IMPPG2 to prepare a table of concentrations and a table
of averages for key physical variables at each site for the season.

Run the program IMPSUM to prepare a page of time plots of key physical
variables for esach site for three-month period.

Use the averages files from IMPPG2 to prepare contour maps of key
physical variables for the network.
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VII. PROCEDURES FOR SAMPLER MAINTENANCE

The following procedures are to be followed by the Field Engineer and the Field
Technician. Sections A, B, and C are to be followed at Davis, while section D is
done in the field.

A,

Evaluating Sampler Modifications

If a modification to the sampler is being considered, first set up an
experiment at the Davis field site to test the modification and its impact
on the entire sampling process thoroughly. (The modifications will normally
be made during the annual site visit.)

Calibrating the Flow Audit Device

The flow audit device is used to audit the flow rate of the samplers. The
device is first calibrated at UCD using a spirometer and a dry gas meter.

1. Set up the calibration system to be the same as with a normal sampling
system: the air enters through the measuring orifice, then passes
through the cyclone, a cassette/valve assembly to imitate a loaded
filter, a critical orifice, and the pump. Connect the survey spirometer
to the exhaust side of the pump. The spirometer measures the displaced
volume over a given time.

2. Start the calibration by turning on the pump and adjusting the valve so0
that the reading on the audit magnehelic is 1.0 "H20.

3. Start the spirometer chart recorder rotating and mark the displacement
in liters. Repeat for two to four revolutions of the chart recorder, .ot
until the measurements are consistent.

4. Cohpute the flow and record the flow on the Audit Calibration Logsheert,
J. Verify the flow rate using the dry gas meter. Install the meter to the
intake of the cyclone and take a 5-minute measurement. Repeatr the
calibration procedure if the spirometer and dry gas meter measurements

do not agree.

6. Repeat the calibration procedure for magnehelic readingé of 1.0, 0.3,
0.7, 0.6, and 0.4 "H20.

7. Calculate a best-fitting logarithmic equation, following the procedures
of Appendix 2.

8. Record the date, temperature, and atmospheric pressure at the time of
calibration.

9. Label the orifice meter with the calibration date, temperature,
pressure, and S5-point logarithmic equation.
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10.

Enter the orifice meter calibration data into the audit database.

C. Preparation for Annual Site Visit

Each site will be vigited at least once per year, normally in spring or
summer, The steps prior to the visit are

1.

Notify the appropriate land management departments about one month prior
to the scheduled site visit with information on the site, approximate
date of the visit, and the name of the visiting technician.

Notify the site operator two weeks prior to scheduled visit. Coordinate
the exact date of arrival with the site operator. Determine if the site
operator is having any problems with the sampler and/or sample handling.

Conduct a Site Review

Prepare a folder for each site to contain a site checklist, a
Maintenance Checklist (Appendix 8), a copy of the previous flow rate
calibration, and any other pertinent information.

a. Review the site summary for the previous year and note any problems
on the site checklist.

b. Review the description of site location and note any missing
information, such as site pictures.

¢. Review the Field Logsheets for the previous year and note any
problems with flow rates and defective parts on the site checklist.

d. Consult with the Sample Handling Laboratory Supervisor about any
special problems for the site that should be considered during the
visit.

e. Review the concentration data with the Quality Assurance Manager,
with special emphasis on (1) any inconsistencies that may be
attributed to faulty sampler operation, and (2) any change in
elemental composition indicating changing emissions. Record any
significant results on the site checklist.

D. Annual Site Visit

The site visit will include any necessary modifications to the sampler,

replacement of the nitrate denuder, a complete inspection of the entire

sampler and replacement of any defective or deteriorating parts (such as
hoses and O-rings), an audit of the flow rate calibration, and optional

operator training. The steps are

Page 46



IMPROVE STANDARD OPERATING PROCEDURES JULY 1989

1. Review the performance of the site with the field operator. Review the
site information summary sheet. Obtain any missing information for the
description of site locations, including taking site pictures.

2. Perform an initial inspection following the Maintenance Checklist
(Appendix 8).

a.

Take the final readings of any exposed filter and record the values
on the Field Logsheet.

Inspect the controller module.

Read the program of the control clock. Check the control clock
override switches by turning the sampler off. Turn the bypass timer
to thirty minutes and verify the delayed pump startup. Record any
damage on the Maintenance Checklist.

Inspect the filter modules.

Record on the Maintenance Checklist any damage to solenoid values,
elapsed timers, relays,. toggle switches pressure guage and
magnehelic. Check the maximum vacuum of all of the pumps. Verify
the proper installation of cassettes. If they are improperly
installed, discuss the proper procedures with the site operator,

Inspect the pumphouse and the pumps and record any damaged parts.

3. Conduct the initial flow rate audict,

a.

Fill out sampler calibraton log information. Include the data,
altitude, temperature and orifice meter calibration constants.

Install the calibration cassettes in filter 1 for each module .
Leak-test the syscem.
Return the bypass timer to thirty minutes.

Audit the four flow rates indicated on the sampler calibration
logsheet for each module.

Calculate the orifice meter value corresponding to the indicated
flow rates. Adjust for the ambient pressure and temperature using
the calculated correction factor.

Press the filter 1 switch and record the vacuum ("Hg) and magnehelic
values,

Remove the aluminum cap at the bottom of the stack and insert the
orifice meter into the stack opening.
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Press the filter 1 switch and record the value from the orifice
meter magnehelic. (This value should correspond to 23.0 lpm.)

Install the valve inline between the filter and the critical
orifice,.

With the orifice meter in place, press the filter 1 switch and
adjust the valve until the orifice meter magnehelic indicates the
desired flow rate.

Remove the orifice meter from the bottom of the stack and insert the
aluminum cap.

Press the filter 1 switch and record the vacuum ("Hg) and magnehelic
values.

Repeat step c.
Repeat steps f, g, and h.

For auditing flows higher than the nominal flow rate, use an empty
cassette.

Repeat steps i and j until you have finished audit,

For the PM-10 module audit, insert the orifice meter where the stack
attaches to the cassette holder and leave it in throughout the audit
procedure,

Zero all the magnehelics.

4. Perform the scheduled maintenance following the Maintenance Checklist
(Appendix 8).

5. Final Calibration

a,

Calibrate the fine filter modules to 2.5um cut point by inserting a
23.0 lpm critical orifice. :

Calibrate the PM-10 module to 10.0pm cut point by inserting an 18.9
lpm critical orifice.

Check all cyclone O-rings to insure that they are seated.
Perform leak-test.
Perform the multipoinc flow audit again.

Use a permanent pen to mark the maximum, nominal, and minimal flow
values on the faces of the magnehelic and vacuum gauges.
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g§. Replace the calibration cassettes with the proper monitoring
cassettes,

h. Record the initial readings on the Field Logsheet.

He

If the audit took place on Wednesday or Saturday, start the sampler
by pressing the appropriate override switch. Record the length of
time the sampler was not operating on the Field Logsheet.

j. Calculate the logarithmic equations for all modules using the data
collected in the multipoint audit.

6. Enter the Calibration Equations

After returning from the sites, verify the logarithmic equations for all
modules at every site. Input the site visit information into the
calibration database system. Record the logarithmic equations, the site
code, the temperature at the time of the final multipoint audit in
degrees Celsius, the elevation factor, and the date.
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APPENDIX 1: Logsheets Used in Sample Handling

A. Balance Log--Record of calibration date and significant events for
each balance at UCD.

B. LIPM Caljbration Logsheet--Record of calibration data for UCD LIPM

system.

C. IMPROVE Dot Chart--Portion of large chart posted on the laboratory
wall, indicating the status of all filters by the use of several
colors.

D. A-Preweight logsheet--Record of data for module A filters, before
collection,

E. D-Preweight Logsheet--Record of data for module D filters, before
collection.

F. Mailer Record Logecard--4"x6" card, record of date that each filter
was shipped to sampling site.

G. Eield Logsheet--Record of data for sample change. The front side is
for clean filters and the reverse side for exposed filters.

H. Mounted Samples Logsheet--Record of data for module A filters, after
collection,

I. PEMI1Q Archive Logsheet--Record of data for module D filters, after
collection. Accompanies each box of 50 filters in PM10 Archives.

J. Exterpal Contractor Inventory--Sample identification numbers of all
exposed filters sent to the Desert Research Institute or to the
Research Triangle Institute for analysis. Accompanies =sach box of 30
Zilters in shipmenc.

K. Unusable Archive Inventory--Record of sample identification numbers
with problem code for samples that are damaged or otherwise invalid.
Accompanies each box of 50 filters in archive.




IMPROVE SOP APPEND JULY 1989

A. Balance Log--Record of calibration date and significant events for
each balance at UCD.

Datve Temp Time . Z;ro ‘Cnl(hrnl_ln_l-l_ 50.000 20.000 Infttala
.003/ 199.976/ mp. std. me. std.
.'000 , 200. 000 50.011 20.004
22 I T e W Ly o TR T
Q2B 1) 11215 | 000 2P e 49,972 MH
52380 B2 |og15 ”'myaLmzm'SWYwmam 49. 969 TC,
5230|1945 10T 000 7T T96 0, coes 49 930 MH
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B. LIPM Calibration Logsheet--Record of calibration data for UCD LIPM
system,

LASER CALIBRATION

|DI\'J.'E/Initials 11 B2 | 83 | k4 | #5 6 7 48 | #9 810 | Comment:
l SO A 080 ,z‘!SI-"‘H '-31‘11-235 25611911, 094 033 .0 Ly

g oy o .o-rb_.ﬁob'.ql\ 329 ',zg(.{ 02571924 2% (033 10357 CH__——
b (e 89 ) o 2% | AT 30 83 LasE L IET 093,057 035 1T
502 Bz LoV|.2M | 412 | 328 | 186257180 | | 037 0%
S 25,8 |, 017 1297 L i |, 3271283 | 255192 1. 099 ] 038 L pss
-1y 8 03[ 245 [ MM 326§ 285 [, 259 (.192 |, 093 ,03%).0%2 | DD

$°24-89 ,093 273 [.4/0 |.315 |.28F |-1SE 1172 1. 093 | 038 |, 035 | 2D
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C. IMPROVE Dot Chart--Portion of large chart posted on the laboratory
wall, indicating the status of all filters by the use of several

colors.
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D. A-Preweight logsheet--Record of data for module A filters, before
collection.
PREWEIGHTS - PREWEIGHTS
IMPROVE A" FILTERS, MASKED

Identification Pre Weighi Pre Laser Identification Pre Weight Pre Lassr
VTE_ 2501, H] Y2, /8% 0. 247 5 TE R0, M O-4F]
27TF £50z. M| Y1098 1D, 3| 7. TF #5923 w| D.44D
3 TE 803 M) 42, /99 | D.494D 2. TF RS2 (| o 41+
o TF 2o Ml Y1 kB | o 27 n TE 2529 1] 0 Y5
5 TE &608 I O 44R . TF 5530, k] O, 408
& TF Redfp, M| O . Yo »TE 843, I 0. 4JoF
T TE @503 K 0,457 2T W8 37 ) 0.392
8 TF BZOB M) o, 48] 8 [F &8 32 M| O Yl
o TF Hs7, M| 0. 4973 uTF 534 14| ©.2%0 |
0. TE boyp. ()| . 497 s TF £ 25 1] 0. 238 |
N TE S| b D 447 8. TF 85 30, M| o . 405 |
2 TE 2512 M| Q.93 % 2 TF 2533 14 REY-2
BTE $5/8 M/ 0. 458 sm-;: 85 32 4] D, ddy !
u TE A5 1% M) | 64955 | ® TE B53G M[ ] D Yoz
s TE G5is M| ] ouih ] =Tt Beae) 0.43/24'
8 TE BG 1M 6. 454 o TF 8541 ] O.424 |
v ITF 513, H] | 0. 43 2 TF 2847 M| 0.4 19
wTE KS/8, M) 0.4490 @ 1F 8943 ) 0.4Y3)
®» TF 8519 Ml 0,457 u_TE B5 ¢ 1) 0. 45]
2 TF RSID K| 0. Y5 s TE B54YT fq) | ©.422
2. TF FEg| M| Q_45F % _TF BS54 M| L 0. 44yp |
2TE 2522 M| | 10,49, a TF _asyq, Ml | [ o, dd] ]
2 l1F =92 4] | | . 9.29 w TF A548 H| | oo44p
uTFE BS54 K C Y| s TF 5349 M | 0.4
5 TL _ Ga 05 M| 0. 439 0. TF 8550 H| | ©. 388
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E. D-Preweipht Logsheet--Record of data for module D filters, before
collection.

PREWEIGHTS PREWEIGHTS
IMPROVE *D" FILTERS, UNMASKED

Identification Fre Weight Identification Pre Waight

LT st ol Yi. 312 2 TF ({3 (A
2TF (152 U 4. 350 7. TF 133U

3 TF 152 U 2. 3172 % TFE (o) 38 (4

“ TE (o184, L Yo Y4z % TF /39 It

5 TF (S5, Y 0. TE L1 RO Y

6. 7TF {0156 14 s T (o150 U

T 7E (o153, (4 ® TE (132,14

8 T 158 B TE /B3 1]

8 TE (S5 U . JE bIRY4 I

1 TE (1. 14 B TF (b 86,1

N TE (oitoi 4 w TF 186U

12 TF fpih? if . TF w1871

B TF o124 s TE (188 14 |
w TF (et U] » TF /89 U

5. TF /ol o w T (149004

% TE (¢ 1lole, 4 o TE 19401

1 TT (il U 2 TF (192U

8 _TF 4l 68 U o TF 1934

w TFE [ 169 M TF (i94% U

2 TE 4130 4 s TE (01954 |
n TF 13 ] 14 . TF &9 14 |
2 TF (137U s, TF (9714 |
o T %73 (] w TE (1984
2 TE () 34 (4 w TF (199.U

s TF 135 (4 so. TF p2o0 U

7 mm) ants




IMPROVE SOP APPEND JULY 1989

F. Mailer Record Logcard--4"x6" card, record of date that each filter
was shipped to sampling site.

Channel
! Module Teflon Filter [ Quartz Filter | SU2 Filrer
BOX # Code 1b Loe ¢ Lot

Al

A2

Bl

B2

DATE OUT - Cl

C2

nl

D2

Sl

$2
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G. Field Lopsheet--Record of
for clean filters and the

INFAOVE SaspleC Facticulace Sempling Nemeock Field Log

e[ ]

INITIAL {Attat ciean
OparaEsets
dave changed: _ /  /  time: dayr Sun AEn T tnitials
aall gmum aratuilic
{™Hg) (“wmtsr)

gie A (REDY
T{lter 1: (hlack)

“Fltar 2: (whitm)

socule B (YELLOM}
riltar 1: {hlmck}

Fileer 7: (white)

mxtule © (CEDY)

Flltee L: {black)

Filoer 2 (vhitm)

metle 0 (BT
" rilrer 1; (hlacn

rilter 2: (white)

Comwsnts on SATDIME CroBlwmd:

JULY 1989

data for sample change. The front side
reverse side for exposed filters.

IMPAOVE Sampler Particulate Zaspling Mecwork Fleld Log

N e

ronL (Mefore g ey
apeERtore
dake: L tima: diyr Sun fon Tos  Initials
cuc renc Lt waximm
e s B "
mm]]l gaue magrervelic wlapesd timm
(*nqy (“wacer) [haucs

Aonile A (RED)
Filtar 1: thlack)

rilter 2: twhite)

Redules B (YELLGM
Filter 11 (black)

Filter 2: (whitw)

Morule © | GNEEN)

rilter 1: {blagk)

Filter I: (whitw)

Module O (BLUE)

rilter 1: {black)

Filter 2: (vhvite)

Somtmcs on samler probless:
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H. Mounted Samples lLogsheet--Record of data for module A filters, after
collection.

IMPROVE/CRITERIA MOUNTED SAMPLES
SAMPLE 1D FILTER ID POST WEIGHT POST LASER

GUMO_o5.09.81 Az UEEETRY

. .
2 YELL 0518 Az IS 42, L3R
1, YELL o098 Al TF3ISIsk 41,192
o (285N 05.09.60 A7 T3t Ml 2. 5kl
5,
[}
7
[}
9,
10.
11,
12
13
14,
15,
16,
17.
18.
19
20.
2,
22
23
24,
25,
26.
2.
28.
.
a0,
n.
32,
a3,
M,
as.
a5,
ar.
a8,
39,

T SLIDE TRAY ID ___-1'_' -1 D
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I. PEM10 Archive Logsheet--Record of data for module D filters, after
collection. Accompanies each box of 50 filters in PM10 Archives.

IMPROVE,/CRITERIA ARCHIVED PH10 SAMPLES

SAMPLE ID FILTER ID POST WEIGHT SAMFLE ID FILTER ID POST WEICHT
LYLRE 05.00 VDA TF SPopd1 $2.201 | 2. | | |
2 G S F D ME s | 4156 | 27 | | |
LLYEH 0516 B D2 ITES I | 42,032 | 2. 1 | ;
CLOASH e 1 PH DI TESTO3 10 1 43 44 F | 29. | , |
5. ! I [ 30. | ! |
6. | ] | 31.. ] | !
7. | ] ] 32. ] | |
8. I l | EER | | |
9. ] I I 34, i | |
10. | | | 5. | } 1
1. | ] { 38. ! ! |
12. | ] | 17, | ! ]
13. | | ! 3. | ! !
14, ! i i 9. ! ! |
15. i | | 40. | ! |
16. I l | 41, | [ !
17. | ! | 42. | ! |
18. | | | 43, | | |
19. ] | I a4, | l |
20. l ! ] a5, I | 1
21, [ ! l 46. l ! !
2. | I | 7. ! | |
23 I ! i 48, I i \
4. ! | | 49. i , i
28. | ! | 50. I | I
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J. Extermnal Contragtor Inventory--Sample identification numbers of all

exposed filters sent to the Desert Research Institute or to the
Research Triangle Institute for analysis. Accompanies each box of 50
filters in shipment.

Nare 5 ) 273 . BU’

TMIROVE

FILTER INVENTORY FOR EXTERNAL aMALYSIS it DE T —carbpn

Fllter ldentification Fileer Identfificat ion
Site Date  Channel Site Dare  Channel

L SAGU o8.09. 81 Cf 2.
2_BND 05 .d). 8 €25 o
1. Yosé os-ile-$] LIS 28.
n_ JOSE_ o5 0B CAP 29,

5 10 _
6 It

7 12

B. 33.

9. ) 34, .
10. 35.

11. 36.

12. 37.

13. 8.

16, 39.

15. 40.

16. 4l

17. 4z.

18 43

19. ah.

20. 4%,

21, ) 46,

22. 67, .
3. 28. L
24, h'?.__ B
25. .

Inventoricd hy
intridls T date.

date
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K. Unusable Archive Inventory--Record of sample identification numbers
with problem code for samples that are damaged or otherwise invalid.

Accompanies each box of 50 filters in archive.

IDENTIFICATION

ARCHIVE OF UN-USABIF IMPROVE/CRITERIA SAMPLES

PROBLEM
FILTER 1D CODE

PROBLEM
IDENTIFICATION FILTER ID CODE

1+ SUMD 04.11: 85 A3 1rE 329 M1 xX %
27 IDNT o408 B8 A e 395304 22 pid

3 (LLA e &1 — XX i)

« YELL o0 25-F D1 E 533 U | DR 2.

5. 30

6. n.

7. 32,

8. 33

L3 M,

10 5.

11. 36,

12 7.

13 “38.

14 38

15, 40

16. d1.

17. 42,

18. 43.

18, 44,

20. 48,

21. 48

22, 47,

2. 48

24 49

25, 50, .
e arcuive # P2
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1. OVERVIEW

Fine aerosol particles affect remote areas primarily by impairing
visibility and secondarily by producing acid precipitation. These fine
particles are generally manmade, although some are produced by smoke and
windblown dust. (Most naturally produced particles are coarse and have a
smaller effect on visibility and acid rain.) In the case of sulfur, fine
sulfate particles are produced by the transformation of sulfur dioxide gas
in the atmosphere. Measurements of the concentration and composition of
these fine particles are necessaty to determine the extent of the problem
and possible sources of the particles. :

monitoring particulate concentrations at national parks, monuments,
forests, wildlife refuges and other remote sites since 1979 using stacked
filter samplers. Coarse particles are collected on nuclepore filters and
fine particles on teflon filters. The eoarse filters are analyzed for
mass, while the fine particles are analyzed for mass, optical absorption,
hydrogen and elements Na to Pb, including sulfur and the soil elements,
From the measured data we can calculate the concentration of organic

The particulate monitoring program has been expanded to include other
federal agencies with the establishment of the IMPROVE (Interagency

throughout the United States. The National Park Service maintains
additional sampling sites through the NpS Criteria pollutant Monitoring

Nuclear Laboratory at the University of California at Davis. The sites
selected as of October 1987 are shown in Figure 1 and listed in Table 1.

A new sampler was designed for these networks called the IMPROVE Modular
Aerosol Monitoring Sampler that collects three samples of Fine particles
smaller than 2.5 /m) and one of respirable particles (smaller than 10 m).
At the NPS Criteria Pollutant Monitoring sites, a fifth filter measures
gaseous S0,. The entire unit is modular, with four filter modules, a
controller module and a pump house containing four pumps. The modules are

measuring nitrates and carbon, twice the flow rate to'improve sensitivity,
an improved flow rate measurement system, and fewer sample changes.

The samplers require a weekly change of filter cassettes by field personnel
provided by the cooperating federal agencies. Each site receives from
Davis a weekly box of 8 filter cassettes and a log sheet. After the Eilter
change, the 8 cassettes of exposed filters are  returned to Davis for
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Figure 1. Map of IMPROVE and NPS Criteria Sites

Table 1: List of IMPROVE and NPS Criteria Sites

IMPROVE Netwotk : NPS Criteria Network
ACADIA National Park ARCHES National Park
BIG BEND National Park : ' BADLANDS National Park
BRIDGER Wilderness BANDELIER National Monument
BRYCE CANYON National Park GREAT SAND DUNES National Monument
CANYONLANDS National Park GUADALUPE MOUNTAINS National Park
CHIRICAHUA National Monument HALEARAIA National Park
CRATER LAKE National Park HAWAIT VOLCANOES National Park
DENALI National Park and Preservek ISLE ROYALE National Park
GLACIER National Park* , LASSEN VOLCANIC National Park
GRAND CANYON National Park PETRIFIED FOREST National Park
GREAT SMOKY MOUNTAINS National Park PINNACLES National Monument
JARBIDGE Wilderness POINT REYES National Seashore
MESA VERDE National Park REDWOOD National Park
MOUNT RAINIER: National Park VIRGIN ISLANDS National Park
ROCKY MOUNTAIN National Park VOYAGEURS National Park
SAN GORCONIO Wilderness YELLOWSTONE National Park

SHENANDOAH National Park

SUPERSTITION Wilderness

WEMINUCHE Wilderness

YOSEMITE National Park * Also an NPS Criteria Site
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In order to obtain a complete signature of the composition of the
particles, a variety of analytical methods are used.

A fine teflon filter — gravimetric analysis (mass)
laser integrating plate (optical absorption)
Particle Induced X-ray Fmission (Na to Fb)
Proton Elastic Scattering (hydrogen)

‘ Forward Alpha Scattering (H, C, N and 0)
B fine nylon filter ~— jon chromatography (nitrate)
C fine quartz filter — combustion analyzer (organic carbon
and elemental carbon)
D respirable particle teflon filter — gravimetric analysis (mass)
S impregnated quartz filter — ion chromatography (80,)

Filter B is analyzed by Research Triangle Institute
Filters C and § are analyzed by Desert Research Institute

The analytical results are included in 3-month seasonal summaries, which
are distributed to the cooperating agencies and to the local sites. In
addition, interpretative studies are performed by the participating
contractors, the cooperating agencies and by other research groups. The
data are available to local resource managers on a variety of media.
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2. GENERAL DESCRIPTICN OF THE SAMPLER

The IMPROVE modular aerosol monitoring sampler was designed and built by
the Air Quality Group at Davis specifically for the IMPROVE program. The
following design criteria were followed:

—Accuracy and precision in particulate collection including air volumes,
particle gize cuts and time intervals.

—Reliability and ruggedness under extreme environmental conditions,
without requiring air conditjoned shelters.

—FEase of siting and operation, with protocols to eliminate potential field
errors and to minimize the time demands on the field personnel.

—Flexibility in terms of present and future sampling requirements, with
ability to increase or decrease the number of simultaneous samples and to
match the system sensitivity to the specific site.

—Attractive and professional appearance, to permit inclusion in public
dieplays, if desired. :

—Reasonable costs.

filter modules and a pump house, as shown in Figure 2. fThe control and
filter modules are all contained in identical gray fiberglass enclosures,
20 inches high by 17 inches wide by 11 inches deep. These are mounted
either outdoors on a wood stand with sunshield and work table, or on the
walls of an air quality building. The aluminum pump house measuring 3 feet
wide by 2 feet deep by 4 feet high will contain four pumps, a cooling fan

and two heaters. The hoses and wires are enclosed in teflon coated metal
conduit,

The control module contains a 7-day, 4-channel electronic time clock, a
30-minute bypass timer for sample changing plus appropriate relays. The

module has a cooling fan that turns on at 85°F and a heater that turns on
at 20°F,

—-A-
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Figure 2, Layout of IMPROVE modular Aerosol Monitoring Sampler,
without pumphouse

The three fine particle filter modules are almost identical. fThe inlet
protects against rain and eliminates bugs and particles larger than around
15 ym. One of the units has a nitrate denuder to remove gaseous oxides of
nitrogen from the air, The air passes through identical cyclones, designed
to remove particles larger than 2.5 pm at a flow rate of 21.7 1/min. The
airstream passes through a filter, which collects all the fine particles.
In the standarqd configuration, each module contains two solenoids and two
elapsed time indicators to handle two filter cassettes. The unit is
designed to be able to accomodate up to four cassettes by adding additional
solenoids and elapsed time indicators. Each unit also contains two gauges
to measure the flow rate and two toggle switches for use during sampie
changing. Bach module is connected to its own pump in the pump house.
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The PM10 module differs from the fine modules in that the fine inlet and
cyclone are replaced by a commercial PM10 inlet similar to those used for
standard dichotomous samplers (virtual impactors), but designed to operate
at 18.9 l/min. All particles smaller than 10 ym are collected on the

filter. The filter cassettes are mounted vertically up rather than down as
in the fine modules.

The flow rate of 21.7 or 18.9 1 /min is regulated by a critical orifice
calibrated for the intended filter medium. The flow rate is measured
before and after the collection by two independent methods. The first
measures the pressure drop across the filter and uses the equation for flow
rate through a critical orifice. The second method calculates the flow
rate by measuring the pressure drop across a fixed orifice,

The filters are transported and installed in cassettes; the filters are
handled only under controlled laboratory conditions. This is essential in
maintaining quality control and in simplifying field protocols. The
nitrate module uses 47mm cassettes while the others use 25mm cassettes.

The active area of the sample collection on the fine teflon is reduced from
3.8 mm to 2.2 cm by using masks in the cassette behind the filter, in order
to improve the analytical minimum detectable limit for elemental analysis ,
The use of cassettes permits adding extra filters to the system without
tevising the field protocols. For example, at some sites, the PMLQ filter
will be followed by an impregnated quartz filter to capture gaseous SO, .
The following filter media are to be used in the standard system, along
with the corresponding analytical measurements:

module A 25mm teflon fine  mass, absorption, elemental (H, Na-Pb)
module B' 47mm nylasorb Ffine nitrate

module C°  25mm quartsz fine organic and elemental carbon
module D 25mm teflon PMI0 mass
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3. SITE LOCATION
Site Selection Criteria

The specific sampling site should be selected with the following criteria:

~-The site must be away from local combustion sources, such as diesel
generators, automobiles, chimneys, and dumps.

—-The site must not have obstructions that would hinder sampling
representative aerosols, such as trees or buildings.

—The site should not be located in small valleys subject to nonregional
conditions.

—The site must have 25A of current at 120v.
—The site must be accessible for filter changes in all weather conditions.

—The site should be located near existing particulate monitoring stations
in order to provide continuity. :

'Power Requirements

The maximum current for the standard system is 23 amps and lasts for a few
seconds during the startup of the pumps. The normal current with the pumps
in operation is 14 amps. The heater in the controller module adds 0.7 amps

and a 60W lamp in the pumphouse adds 0.5 amps. The annual energy
consumption is 4,000 kwh. :
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4. SAMPLE CHANGING PROCEDURES
General Description

This section summarizes the protocols to be followed for the weekly sample
change. Section 4,2 will provide more details on the procedures and
section 4.3 will discuse trouble shooting. The instructions are posted .
inside the doors of the control module, module A and module D. You will
need last week’s shipping box to put in the cassettes currently in the
sampler and this week’s shipping box with the new cassettes.

The filters are to be changed once a week, either on Sunday, Monday or
Tuesday. Because of other air quality instruments, most operators will
make the change on Tuesday. The shipping boxes containing the clean
filters will be identified by the date for Tuesday. The box should be
received 1 to 2 weeks before the specified date.” A receipt log is provided
to document the receipt of these boxes. If the box is not present at the
time it is to be used, please call Davig to discuss procedures. We will
have you use another box if available. In any case, you must remove the
exposed cassettes before Wednesday: if any filter is run for two periods
it will be invalid. You will need to have at the gite the empty shipping

box for the exposed filters in the sampler and the full shipping box with
clean filters. ' :

Inside the shipbing box will be eight cassettes and a log sheet. Each
cassette will be identified by both .colered tape and a coded label. The
two systems are redundant; if you follow the colored tape you can ignore

the code. If "date" ig the Tuesday date on the shipping box, the cassettes
will be as follows:

MODULE FILTER COLORED TAPES LABEL DESCRIPTION
A 1 red, black date-Al single 25mm cassette
A 2 red, white date-A2 {teflon)
B 1 yellow, black date-Bl single 47mm cassette
B 2 yellow, white date-B2 (nylasorb)
C 1 green, black date-C1 double 25mm cassette
C 2 green, white date-C2 (quartz)
D 1 blue, black date-D1 single 25mm cassgette
D 2 blue, white date-p2 (teflon)*

*If S0, is to be measured at NPS Criteria Pollutant Monitoring
site, the D filter will be a double 25mm cassette.

The log sheet is two-sided, with the initial data on one side and the final
data on the other. These are shown in Figure 3. The initial data is to be
entered after inserting the elean filters. The final data is to be entered
the following week before removing the exposed filters. The log sheets

correspond to the 8 cassettes in the shipping box. The log sheets must
remain with the shipping box.

~10-
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Parel Sampling Wetwork theld Log
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Figure 3. IMPROVE sampier field log.
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The protocols to be followed at the sampler for the weekly sample change
involve 5 steps.

step 1:

step 2:
step 3:
step 4:
step 5:

step 6:

Record the following on the reverse side of last week’'s log
sheet: date; current, min and max temperatures; your
initials; and any comments on sampler problems, construction
near sampler, ete,

Check the time and date on the controller clock and turn timer
to 30 minutes, '

For each module (A,B,C,D) record § gauge readings and 2 elapsed
times.

For each module (A,B,C,D) remove the exposed cassettes, placing
in last week’s shipping box along with the log sheet.

Get the cassettes and the log sheet in this week's shipping box.
For each module (A,B,C,D) insert the new cassettes, matching
colored tapes (A=red, B=yellow, C=green, D=blue; black on left,
white on right),

For each module (A,B,C,D) record 5 gauge readings.

4.2 Details of Sample Change

This section provides more details on the five steps in the sample change,

Btep 1:

step 2:

Remove the log sheet from last week’s shipping box. The front
side should have been filled in the previous week, On the
reverse side, record the present date and time and your
initials. Record the current temperature, the minimum
temperature (since the last change) and the maximum temperature
on the min/max thermometer. Figure 4 shows how to read the
thermometer. Use the Celgius scale. Press the reset button
until the min/max indicators.drop to the mercury. (The three
temperatures are needed for precigse flow rate measurements, )

Open the control module. Verify the time of the time clock,
Turn the bypass timer to 30 minutes. This switch turns on the
four pumps, and disconnects the auto control of the solenoids,
Thus the solenoids will all be closed.

switch. It is best to do this before the 30 minutes expires.

generally not restart. Therefore if the bypass timer turns off

briefly open one toggle switch in each module to destroy the
vacuum, before restarting the timer.
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MIN MAX
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=30 read maximm temperature
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0 reset read current temperature
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temperature at | —~10
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Figure 4, Reading the min /mayx thermometer. Note that the left side increases
as one reads down. Use bottom of blue indicators to read minimum (left gide)
and maximum (right gide) and top of mercury to read current temperature, When

finished recording values, hold down reset button until both blye indicators
~drop to mercury,

-

step 3: For each module (A, B, C, D) in turn, do the following} Layouts
of the fine and PMI0 modules are shown in Figures 5 and 6.

a. Before pressing ejther filter switch, record the small
gauge. This should be 15 tp 25 "Hg (depending on the
elevation) and indicates the pump is working properly.
If it drops below the indicated yellow line, look for
leaks in hose and hardware between the soclenoid and
pump and call bavis.

b. Press the filter 1 toggle switch and record the small

gauge and the magnehelic gauge. The insert in Figure 5

shows how to read the small gauge below 5 "Hg. Section

4.3 discusses the significance of the gauge readings

and how to use them for troubleshooting.

Repeat substep b for filter 2.

Record both elapsed times (in hundredths of hours).

Times of 24.00 hours are expected. Zero hoth elapsed

timers. In extreme cold the teset buttons may not

operate easily. In this case it will be necessary to
keep a running total and determine the durations by
subtraction.

[s P e |
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Figure 5,

Layout of fine filter module
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